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» African Overview.
»Satellite Remote Sensing of Fires.

»Fire Radiative Power (FRP)
Characterization.

»Estimating Smoke Emissions from
BRI,

> Application of Emissions to Atmos
Modeling.



Africa in the global map of “Income per capita” and “Life Expectancy”
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Africa in the global map of “Income per capita” and “Life Expectancy
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Some Factors responsible for
“Poverty” and “Death” Iin Africa

» Disease outbreaks

» Water pollution and scarcity

» Alr Pollution from Agricultural Fires and Dust
» Drought (massive starvation)

» Desertification (global change)

» Flooding

» Invasive Species (e.g. Locusts)

» Poor Planning and Poor Technology

»Wars and bad political systems.



African Droughts

New Scientist: 19:00 12 June 2002
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Sahel dries out

“Although the droughts have had climate experts scratching their heads, the impacts
have been obvious. During the worst years, between 1972 and 1975, and 1984 and
1985, up to a million people starved to death.”



African Air Pollution

(NASA EarthObservatory: The seasonal agricultural burning in tropical Africa
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“Itogh the fires are not necesaril mdately |

hazardous, such large-scale burning can have a
strong impact on weather, climate, human health,
and natural resources. Also obvious in the image
IS the dust spreading west-southwest from the
Bodele Depression at the southern edge of the
Sahara Desert. The remains of an ancient lake
bed, the Bodele Depression is probably the largest
single source of windblown dust in the world.”
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Measurement of the Effect of

Amazon Smoke on Inhibition of
Cloud Formation

llan Koren,"®* Yoram |. Kaufman, Lorraine A, Remer,’
Jose V. Martins'?

Urban air pollution and smoke from fires have been modeled to reduce cloud
formation by absorbing sunlight, thereby cooling the surface and heating the
atmosphere. Satellite data over the Amazon region during the biomass buming
season showed that scattered cumulus cloud cover was reduced from 38% in
clean condmons 100% lor heavy smoke (optical dcptn of 1. 3). This rmpum

to the

se5 the regional

of climate from -28 watts per square meter in cloud-free conditions to +8
‘watts per square meter once the reduction of doud cover is accounted for.

The net effect of Is on the heri

ple, have revealed that absorb-

radistion budget and climate constitules the
greatest uncertainty in aftempls o model and
predict climate (/). Aerosols can counteract
reghonal greenbouse wamming by reflecting
solar radiation to space of by enhancing cloud
reflectance (2) or lifetime (3, -a‘r I{m\"\\'l
serosol ab: ion of sunlight is hy

to slow down the h\dlolopcal \ycle and
influence climate in ways not matched by the
greenhouse effects (5, 6). During periods of
heavy aerosal concentration over the Indian
Ocean (7) and Amazon basin (5), for exam-

"MASA Coddard Space Flight Center (GSFC), Green-
belt, MD 20771, USA “National Resear
Systems Technology, I.lmmy of Maryland, Bakti-
more County, Baltimers, MD 21250, LISA.

*Ta wham correspondence should be addrested. E-
mait ilank@ckmate grlcnasa gov

ing aerosols warmed the lowest 2 1o 4 km of
the atmosphere while reducing by 13% the
amount of sunlight reaching the surface.
Less imadiation of the surface means ks
evaporation from vegetation and waler bodies,
and (unkss the smoke is concentrated near e
surface only) 2 more stable and drier atmo-
sphere, and consequently less clond formation
This effect was defined heosetically as a posi-

Roduction of evapomtion from the Mediterra-
nean Sea by poliution from norhem and eastem
Europe was modeled 1o reduce cloud formation
and precipitation over the Meditemnean region
(42), in general agreement with measurements
(43). However, warming of the almosphere
by similar widespread pollution agrasol over
southeastern China was modished 1o couse up-
lift of the polluted air mass over an area of 10
million ki, which then was replaced by cool
o moist air from the nearby Pacific Ocean,
«causing an increase in precipitation and fMood-
ing that fits observations from this region in
recent vears { /4).

Here, using data from the MODIS-Aqua
space instrament, we repon measurements of
the effect of smoke on cloud formation over
the Amaron basin during the dry season
(August-September) of 2002—namely, the
reduction of the fraction of scattered cumulus
clonds with the increase i smoke col
umn conceniration.

The area is under the influence of a re-
ghonal high-pressure zone above 3 surface
boundary layer and is associated with lower
precipitation, land clearing. and biomass
burning. The moisture source for the cload
formation and precipitation in the region is
waler vapor a\np)mmd locally through plant

tive foadback 10 aerosol ab ion of senlight
(9 and was temed the semidimct effect. A
simiar process, defined o8 cloud buming by
00l in which solar heating by the aerosol reach-
&5 ils maimum near the top of the boundary
laer, ﬂmb\ subllmng the bmmd.l'y L!\(ll]ﬂ

i d (10).
These cloud simulations were based on aerosol
observations of INDOEX, { Indian Ocean Exper-
iment) (/) and focusad mainly on the amplifl-
cation of daytime clearing due 1o aenosol haating.

and maoisture transported
from the Atlantic Ocean (/5), each responsi-
ble for hall of the modsture that falls s
precipitation. Easterly winds carry the mols-
ture from the Atkantic Ocean throughout the
Amazon basin until they reach the barrier of
the Andes, whene they decrease in velocity
and veer either north or south (/6) (Fig. 1)

The scattered cumulus clouds {also called
boundary laver clouds) emerge regulwly in
the moming over the exstem shore, By local
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Satellite remote sensing of fires

8 Land - No Fire

B Land - Fire Detected
B cloud

B Wwater

»How Big?

»Where to
deploy crew?

»How much
smoke emitted?

»What is it
doing?




Fire Characterization using MODIS Fire Radiative Power (FRP)

Global Ecosystem Map with the International Geosphere/Biosphere Program({IGBP) Classification
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Revising the smoke emissions estimation approact

Traditional Emissions Estimation Approach
Emissions = Emission Factor (EF) x Biomass Mass (BM)

BM=AxBxaxf

Where,

A=Area burned

B=Biomass density

a=Above ground biomass proportion
B=Combustion Efficiency

FRE-based smoke emissions estimation approach
(1) Emissions = EF x BM (from FRE) [Wooster]

(2) Emissions = Emission Coeff. (Ce) x (FRP or FRE) [ichoku]



Fire Radiative Energy and Burned Biomass
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Active Fire Mappino
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Latitude

Smoke aerosol emission rate (kg/s)

MODIS Regional Covariance between Fire Radiative Energy release rate and
smoke aerosol emission rate (Slope is Coefficient of Emission, C,)

16

0-km pixels containing fire in 2002
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GOCART simulations of smoke emissions with MODIS Fire Radiative Power

BECI: Daily average of At for OC on July 1, 2004 BECI: Daily average of At on July 1, 2004
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Advantages of MODIS+SEVIRI for Africa

»MODIS and SEVIRI are currently the only space-borne sensors
that measure fire strength (i.e. Fire Radiative Power, FRP).

»MODIS covers the globe 4 times daily at strategic times,
SEVIRI covers Africa every 15 minutes.

»MODIS measures FRP at 1-km resolution (good for biomass
burning monitoring), SEVIRI measures at 4-km but data can be
adjusted to fill up MODIS temporal gaps.

»Data products are free.

»SEVIRI can be acquired in real time. A reasonable investment
In Direct Broadcast (DB) systems can ensure near real-time data
availability from MODIS.

»MODIS-like sensor (VIIRS) on NPOESS will provide continuity
for good spatial resolution.



What can we do ?

African population density

C

asablancy

s Cities over 1,000,000 Cape Town
« Cities 550,000 to 1,000,000
2 2002 Ency dopaedia Britannica, lne.

http://www.britannica.com/eb/art-656 14/Population-density-of-Africa

Monitoring & Early Warning

Systems for Africa

Site facilities of type SERVIR at

Regional (not Local or National)
Centers to cover the populated

areas of Africa.

Well-coordinated strategic
utilization of Earth Observation
(EO) data to provide early warning
and monitoring of the
environment.

Engage the regional or
international organizations
actively to provide support and
encourage application.

Advantages to Africa

-Share resources cost-effectively.
-Utilize EO for Societal Benefit.
-Mitigate adverse factors.




Conclusions

»Fire Radiative Power (FRP) from satellite is directly
related to fire strength, biomass consumption, and
smoke emissions.

»FRP Is advantageous for estimating burned biomass
and smoke emissions: quantitative, more direct, fewer
assumptions, less uncertainty, higher accuracy, wide
range of scales: spatial (local, regional, and global) and
temporal (real-time, daily, monthly, etc.).

» Great potential for varied and far-reaching real-time
and long-term applications: e.g. fire effects and pollutant
dispersion forecasting for planning sustainable economic
and environmental development.
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